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(54) Alternator for vehicle 



(57) The invention relates to an automotive alterna- housings (1 02; 1 03; 1 04) to transfer heat generated in 
tor (1 00) comprising a stator (1 05) provided with a stator the stator coil (1 06) outside the automotive alternator 
coil (106); a rotor (107) supported for rotation inthesta- (100). Fastening devices (136; 137) formed of a material 
tor (105) to apply an alternative magnetic field to the sta- having good heat conductance fasten the regulator 
tor (105) ; a regulator (120) for regulating output; a rec- (120)andaheatslnk(127)fortheregulator(120)togeth- 
tifier (1 24) for rectifying generated current; a plurality of er to the housing at a position apart from the housing to 
housings (102; 103; 104) holding the stator (105) and transfer heat generated by the regulator (120) to the 
the rotor (107); and a coolant path (150) through which housing. Thus, the automotive alternator (100) can 
a coolant flows through at least one of the plurality of maintain a stable cooling ability in a hot atmosphere for 

a long time. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an alternator 5 
for a vehicle and more particularly, to a liquid-cooled al- 
ternator for a vehicle. 

[0002] Most conventional automotive alternators are 
of an air-cooled type that dissipates heat generated 
therein into the atmosphere. Recently, the temperatures io 
of parts arranged in an engine room have increased, 
and the temperature of air in the engine room has in- 
creased. Consequently, when the ambient air tempera- 
ture rises, air-cooling cannot efficiently dissipate the 
heat generated by the alternator in some automobiles. ^5 
[0003] Although the heat generating ability of a regu- 
lator for regulating an automotive alternator is not high, 
it is important to cool the regulator efficiently because 
the absolute heat resistance of the regulator, as com- 
pared with that of stator coils, is not high. 20 
[0004] Recently, automobiles are required to arrange 
parts in the engine room in a high density, to improve 
the efficiency of the engine and to reduce emissions for 
low noise and improvement of output and efficiency. 
Consequently, there is a tendency that the temperature 25 
in the engine room increases and radiant heat increases 
due to temperature rises in the parts disposed in the en- 
gine room. Therefore, an automotive alternator dis- 
posed in the engine room is exposed to a high-temper- 
ature atmosphere for a long time, which causes the de- so 
terioration of the performance and the shortening of the 
life of the automotive alternator. 
[0005] A method of protecting the automotive alterna- 
tor from heat damage disposes a heat shield plate 
formed of a material having low heat conductance be- 35 
tween the automotive alternator and hot parts arranged 
in the engine room. However, the effect of this method 
in protecting the automotive alternator from heat dam- 
age is not satisfactory because air temperature in the 
engine room rises inevitably when the engine is operat- 40 
ed continuously for a long time. 
[0006] Liquid-cooled automotive alternators dis- 
closed in JP 7-194060A and JP 2000-2451 11 A are in- 
tended for use in a hot atmosphere. 
[0007] Alternators disclosed in JP 7-194060A, EP 45 
1 041 699A2 and EP 1 096647A2 dissipate heat generat- 
ed by a voltage regulator and a rectifier through a heat- 
sink and a rear housing to cool the alternators. The al- 
ternator disclosed in JP 2000-245111 A dissipates heat 
generated by a voltage regulator and rectifier through a 50 
heat-radiating plate, a rear bracket on a side opposite 
to the side of a pulley, a member having good heat con- 
ductance and a liquid-cooled housing to cool the alter- 
nator. 

[0008] In the alternator disclosed in JP 7-1 94060A 55 
and JP 2000-2451 11 A, the heatsink of the regulator 
must be in close contact with the rear housing and the 
rear bracket to water-cool the regulator. Consequently, 



the alternators are subject to restrictions on the arrange- 
ment of the regulator, the brushes and the rectifier, 
which causes structural inconvenience and problems 
with assembling work. 

SUMMARY OF THE INVENTION 

[0009] Accordingly, it is an object of the present inven- 
tion to provide a liquid-cooled alternator for vehicle in- 
tended to be installed in a high-temperature engine 
room, providing high degree of freedom of disposition 
of a regulator, and having a sufficiently high cooling abil- 
ity. 

[0010] According to one aspect of the present inven- 
tion, an alternator for a vehicle can comprise: a stator 
provided with a stator coil; a rotor supported for rotation 
in the stator to apply an alternative magnetic field to the 
stator; a regulator for regulating output; a rectifier for 
rectifying generated current; a plurality of housings hold- 
ing the stator and the rotor; a coolant path for allowing 
a coolant to flow through at least one of the plurality of 
housings to transfer heat generated in the stator coll out- 
side; and/or fastening devices formed of a material hav- 
ing good heat conductance fasten the regulator and a 
heatsink for the regulator together to the housing at a 
position apart from the housing to transfer heat gener- 
ated by the regulator to the housing. 
[001 1 ] According to another aspect of the present in- 
vention, an alternator for a vehicle can comprise: a sta- 
tor provided with a stator coil, a rotor supported for ro- 
tation in the stator to apply an alternative magnetic field 
to the stator, a regulator for regulating output, a rectifier 
for rectifying generated current, a plurality of housings 
holding the stator and the rotor; a cover covering the 
regulator and the rectifier, and/or a coolant path for al- 
lowing a coolant to flow through at least one of the plu- 
rality of housings to transfer heat generated in the stator 
coil outside; wherein the plurality of housings and the 
cover are formed of metals each having good heat con- 
ductance, the rectifier is held on one of the housings, 
the cover and one of the housings are in metal contact, 
and/or fastening devices formed of a material having 
good heat conductance fasten the regulator and a heat- 
sink for the regulator together to the housing at a posi- 
tion between said housing and the cover to transfer heat 
generated by the regulator to said housing. 
[0012] According to the present invention, the fasten- 
ing devices formed of a material having good heat con- 
ductance can fixedly fasten the regulator and the heat- 
sink of the regulator, or the rectifier at a position spaced 
from the housing and the cover. Most part of heat gen- 
erated by the regulator and the rectifier is transferred to 
the coolant flowing through the housing. Therefore, the 
respective temperatures of the regulator substantially 
entirely covered with the cover and the housing, and the 
rectifier are dependent mainly on the temperature of the 
coolant, and are not dominated by the high temperature 
of the ambient air and the radiant heat radiated by high- 



25 



30 



35 



40 



45 



50 



2 



3 



EP 1 326 321 A2 



4 



temperature parts even when the automotive alternator 
is exposed to a high-temperature atmosphere. 
[0013] Since the regulator does not need to be set In 
close contact with the housing, the freedom of selecting 
a place for placing the regulator is increased. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 4] Other objects and advantages of the invention 

will become apparent from the following description of 
embodiments with reference to the accompanying 
drawings In which: 

Fig. 1 is a longitudinal sectional view of a liquid- 
cooled automotive alternator In a first embodiment 
according to the present invention; 
Fig. 2 is a longitudinal sectional view of the alterna- 
tor shown In Fig. 1 ; 

Fig. 3 is a perspective view of a part around a reg- 
ulator of the alternator shown in Fig. 1 , in which the 
rear cover Is removed; 

Fig. 4 is a side elevation of the alternator shown in 

Fig. 1 , in which a rear cover is removed; 

Fig. 5 is a circuit diagram of a regulator shown In 

Fig. 1; 

Fig. 6 is a graph showing results of experiments 
conducted to examine cooling ability; 
Fig. 7 is a longitudinal sectional view of a liquid- 
cooled automotive alternator in a second embodi- 
ment according to the present invention; 
Fig. 8 is a longitudinal sectional view of a liquid- 
cooled automotive alternator in a third embodiment 
according to the present Invention; 
Fig. 9 is a perspective view of a part around a reg- 
ulator of the alternator shown in Fig. 8, in which a 
rear cover is removed; 

Fig. 10 is a longitudinal sectional view of a liquid- 
cooled automotive alternator in a fourth embodi- 
ment according to the present invention; 
Fig. 1 1 is a perspective view of a part around a reg- 
ulator of the alternator shown in Fig. 10, in which a 
rear cover is removed; and 
Fig. 12 is a longitudinal sectional view of a liquid- 
cooled automotive alternator in a fifth embodiment 
according to the present Invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[001 5] A liquid-cooled alternator for a vehicle in a first 
embodiment according to the present invention will be 
described with reference to Figs. 1 to 5. Fig. 1 is a lon- 
gitudinal sectional view of the liquid-cooled autortiotlve 
alternator in the first embodiment, Fig. 2 is a longitudinal 
sectional view of the alternator shown in Fig. 1 , Fig. 3 is 
a perspective view of a part around a regulator In a state 
where the rear cover is removed, Fig. 4 is a side eleva- 
tion of the alternator shown in Fig. 1 , in a state where a 



rear cover is removed, and Fig. 5 is a circuit diagram of 
the regulator. 

[0016] An alternator 100 for a vehicle, which Is also 
referred to as the automotive alternator, includes a cent- 

5 er housing 102, a front housing 103 behind a pulley, a 
rear housing 104 on a side opposite to the side of the 
pulley, and a rear cover 110. The front housing 103 is 
formed by aluminum die cast. The front housing 103 
holds a front bearing 132, and a rotor shaft 101 is sup- 

10 ported in the front bearing 132. Similarly, the center 
housing 1 02 is formed by aluminum die cast. The center 
housing 102 holds a rear bearing 134, and the rotor shaft 
101 is supported in the rear bearing 134. A stator 105 
is held on the inner circumference of the center housing 

15 102. A coolant path 150 through which a coolant flows 
is formed inside the center housing 102 and inside the 
rear housing 104. A pulley 130 is mounted on a front 
end part of the rotor shaft 101, and slip rings 128 are 
mounted on a rear end part of the rotor shaft 1 01 . The 

20 pulley 130 is connected to a pulley mounted on the 
crankshaft of an engine by a belt. A rotor 1 07 Is mounted 
on a middle part of the rotor shaft 1 01 . A pair of wedge- 
shaped claw poles 108 Is formed in the circumference 
of the rotor 1 07. The center housing 1 02 is provided with 

25 a built-in stator core 1 70. A small gap is defined between 
the inner circumference of the stator core 170 and the 
surfaces of the claw poles 108 of the rotor 107. Teeth 
and slots are arranged on the stator core 1 70, and stator 
coils 106 for three phases are embedded in the slots of 

30 the stator core 1 05. A field coil 1 09 is formed in a central 
part of the rotor 107. Supplying a dc current to the field 
coil 1 09 through brushes 121 and the slip rings 1 28 mag- 
netizes the claw poles 108. Three-phase induced volt- 
age Is generated in the stator colls 1 06 when the rotor 

35 1 07 Is driven for rotation by the engine. 

[0017] A regulator 120 for regulating the voltage of 
output, a brush holder 122 and a rectifier 124 for recti- 
fying generated current are fastened to the rear housing 
104 and are covered with the rear cover 110. The reg- 

40 ulator 120 includes a chip and the like formed on a thin 
substrate. A heatsink 1 27 having the shape of a flat plate 
is disposed so as to be in surface contact with the back 
surface of the substrate. 

[0018] Referring to Figs. 3 and 4, the regulator 120 

45 and the heatsink 127 are held by a holder 122 formed 
integrally with the brushes 121 and a connector 126 for 
connection with the vehicle side. The regulator 120 and 
the heatsink 1 27 are fastened to the rear housing or the 
center housing with fastening devices 136. The rear 

50 housing 1 04 is provided with mounting projections 138 
provided with an internal thread. Mounting bosses 
formed on the heatsink 1 27 are set on the mounting pro- 
jections 1 38 and the heatsink 1 27 Is fastened t the rear 
housing 1 04 with long bolts 1 36 serving as the fastening 

55 devices. Thus, the heatsink 1 27 of the regulator 1 20 is 
spaced from the rear housing 104 by a distance corre- 
sponding to the sum of the respective heights of the 
mounting projections 1 38 and the bosses of the heatsink 
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1 27. Also, the heatsink 1 27 is spaced from the rear cov- 
er 11 0. Heat is transferred from the heatsink 1 27 of the 
regulator 120 through the fastening devices 136 to the 
rear housing 104. 

[0019] Desirably, the fastening devices 136 are s 
formed of iron or brass having a heat conductivity K of 
30 W/m-K or above. The rear housing 104 and the rear 
cover 110 are formed of aluminum, i.e., a material hav- 
ing good heat conductance, by die cast. 
[0020] The rear housing 104 and the rear cover 110 io 
may be formed of aluminum plates by press molding in- 
stead of by aluminum die cast. 
[0021] The regulator 120 and the heatsink 127 may 
be fixedly held in place by any suitable holding means 
Instead of by the combination of the long bolts and the 15 
mounting projections, provided that the holding means 
is capable of holding the regulator 120 and the heatsink 
127 apart from the rear housing 104 and the rear cover 
1 1 0 and of efficiently transmitting heat generated by the 
regulator 1 20 to the rear housing. 20 
[0022] The regulator 120, the rectifier 124 for rectify- 
ing generated current, and the brushes 121 for supply- 
ing a field current to the rotor are arranged substantially 
in the same plane. 

[0023] The center housing 1 02 holds the rear bearing 25 
134, on a side opposite to the pulley, on the inner side 
of the rear cover 1 1 0 covering the regulator 1 20, the rec- 
tifier 124 and the brushes 121, 
[0024] In the first embodiment, heat generated by the 
regulator 1 20 flows to the heatsink 1 27 and Is dissipated 
through the fastening devices 1 36 into the coolant flow- 
ing through the coolant path 150. Since heat is dissipat- 
ed through the fastening devices 136, heat can be effi- 
ciently transferred from the regulator 120 to the rear 
housing 104 even if the holder 122 formed of a resin is 
held between the heatsink 127 and the rear housing 
104. 

[0025] In this liquid-cooled alternator, the coolant path 

150 formed in the alternator to allow the coolant to flow 
through the alternator has a cyclic channel 1 51 (see Fig. 
2) axially extending In the center housing. One of the 
opposite ends or both the opposite ends of the cyclic 
channel 151 are open, and the open end or the open 
ends are covered with the rear housing 104 to form a 
closed water path. In the first embodiment, only the rear 
end of the coolant path is open. The coolant path 150 
communicates with an outlet and inlet coolant pipe 152 
formed in the side wall of the center housing 102. 
[0026] The heatsink of the regulator 120 for control- 
ling the voltage of output is fastened to the rear housing 
1 04 forming part of the coolant path 1 50 by the fastening 
devices 136, heat generated by the regulator 120 is 
transferred through the fastening devices 1 37 to the rear 
housing 1 04 and is dissipated into the coolant. The cool- 
ant path 150 communicates with an engine coolant cir- 
culation system by means of the outlet and inlet coolant 
pipe 152 formed in the side wall of the center housing 
1 02. A radiator, a thermostat and a pump are connected 



to the engine coolant circulation system. Heat generat- 
ed by the alternator is absorbed by the coolant flowing 
through the engine coolant circulation system and is dis- 
sipated through the radiator by heat exchange. 
[0027] Referring to Figs. 3 and 4, the regulator 1 20 is 
held by a regulator holder 1 22 formed integrally with the 
brushes 121 and the connector 126 for connection with 
the vehicle side. The regulator 120, the rectifier 124 for 
rectifying generated current and the brushes 121 for 
supplying current to the rotor are disposed substantially 
at the same axial position, I.e., substantially in the same 
plane. A rectification circuit Includes diodes 125. The 
brush holder is held fixedly between the heatsink 127 of 
the regulator 120, and the rear housing 104. 
[0028] Referring to Fig. 5, the regulator 1 20 regulates 
the field current to maintain the voltage of the dc current 
produced by rectifying an alternating current by the rec- 
tifier 124 at a fixed voltage on the order of 14.3 V to 
charge a battery. The positive diode fins are connected 
to the positive terminal of the battery. The potential of 
negative diode fins are equal to that of the alternator 
100. The negative diode fins are connected electrically 
to the negative terminal of the battery. The rectifier in- 
cluding the diodes is a full-wave rectifier capable of rec- 
tifying the voltage of an alternate current Induced In the 
stator coils 106 into a dc voltage. 
[0029] In this embodiment, when the rotor 1 07 creat- 
ing a magnetic field rotates, a current produced In the 
stator colls 106 flows In the stator 105 of the alternator 
and the thus produced current is rectified by the rectifier 
124 to provide a direct current. The regulator 120 regu- 
lates the field current supplied to the rotor 1 07 to create 
a magnetic field. 

[0030] The outer circumference of the stator 1 05 is In 
contact with the center housing 1 02. The center housing 
102 is formed of a material having good heat conduct- 
ance, a heat conductivity of 80 W/m-K or above, such 
as aluminum, by die cast. The coolant flows through the 
coolant path 1 50 formed in the wall of the center housing 
1 02. Accordingly, most part of heat generated by the sta- 
tor coil 106 can be dissipated into the coolant. 
[0031] Although the regulator 120 generates heat at 
a comparatively low rate and hence the amount of heat 
to be dissipated Is small, the regulator 120 has a com- 
paratively low heat resistance and hence the tempera- 
ture of the atmosphere affects the regulator 120 signif- 
icantly. The present invention covers the regulator 120 
and the rectifier 124 with the cover 110 formed of a ma- 
terial having good heat conductance of 80 W/m-K or 
above, such as aluminum, by die cast. The cover 110 
has a peripheral part attached to the rear housing 104 
formed of a material having good heat conductance, a 
heat conductivity of 80 W/m-K or above, such as alumi- 
num, by die casting and fixed to the center housing 1 02. 
The regulator 1 20 is in thermal contact with the heatsink 
127 fixed to the rear housing 104 and formed of a ma- 
terial having good heat conductance, a heat conductivity 
of 80 W/m-K or above. Thus, heat generated by the reg- 
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ulator 120 can be transferred to the center housing 1 02 
and can be dissipated into the coolant. 
[0032] According to the present Invention, the hous- 
ings 102, 103 and 104 holding the stator 105 and the 
rotor 107 are formed of metals having good neat con- 
ductance, a hat conductivity of 80 W/m-K or above. Most 
part of heat generated by the stator coils 106 Is trans- 
ferred to the coolant flowing through the housings. 
[0033] The rear cover 1 1 0 covering the regulator 1 20, 
the regulator holder 122 and the rectifier 124 is formed 
of a metal having good heat conductance, a heat con- 
ductivity of 80 W/m-K or above. Most part of the periph- 
eral part of the rear cover 110 is in metal contact with 
the housing. 

[0034] Most part of heat generated by the regulator 

120 is transferred through the fastening devices 136 to 
the coolant flowing through the housings (102, 103, 
1 04). Therefore, the respective temperatures of the reg- 
ulator 120 substantially entirely covered with the rear 
cover 110 and the housings (102, 103, 104), and the 
rectifier 124 are dependent mainly on the temperature 
of the coolant. 

[0035] Thus, the respective temperatures of the reg- 
ulator 1 20 and the rectifier 1 24 are not dominated by the 
high temperature of the ambient air and the radiant heat 
radiated by high-temperature parts even when the au- 
tomotive alternator Is exposed to a high-temperature at- 
mosphere. 

[0036] As mentioned above, the alternator, in which 
the heatsink of the regulator is In close contact with the 
housing provided with the coolant path, is subject to re- 
strictions on the arrangement of the regulator, the brush- 
es and the rectifier, which sometimes causes structural 
Inconvenience and problems with assembling work. Ac- 
cording to the present invention, the heat generated by 
the regulator is transferred through the fastening devic- 
es 136. Therefore, the regulator 120 does not need to 
be held In close contact with the housing and hence the 
freedom of placing the regulator, the brushes and the 
rectifier is improved. 

[0037] Fig. 6 is a graph showing the results of exper- 
iments performed to examine the respective cooling 
abilities of an air-cooled system that cools the regulator 
by air and a water-cooled system that cools the regulator 
through the fastening devices by water. Temperature dif- 
ference between a heatsink cooled by the air-cooled 
system and a heatsink cooled by the water-cooled sys- 
tem is known from Fig. 6. Experiments for the air-cooled 
system used a holder that can be used also In an air- 
cooled alternator of a regulator. The temperature differ- 
ence known from the graph represents the effect of cool- 
ing using the fastening devices 136. The regulator case 
cooled by the water-cooled system using the fastening 
devices of the present invention was kept at tempera- 
tures not higher than 70°C. The regulator case cooled 
by the air-cooled system was heated at high tempera- 
tures in the range of 90 to 120''C. As obvious from Fig. 
6, the regulator can be cooled with reliability by the wa- 
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ter-cooled system using the fastening devices, and the 
water-cooled system improves the freedom of place- 
ment. 

[0038] The automotive alternator 1 00 may be provid- 

5 ed with only the front housing 1 03, the rear housing 1 04 
and the rear cover 110, and the center housing may be 
omitted. The regulator 120 is held on the rear housing 
104. In this case, the coolant path through which the 
coolant flows Is provided In the walls of the front housing 

10 103 and the rear housing 104. Omission of the center 
housing reduces the number of parts. 
[0039] Fig. 7 is a longitudinal sectional view of a liquid- 
cooled automotive alternator in a second embodiment 
according to the present invention. A holder formed in- 

15 tegrally with brushes 121 and a connector 1 26 for con- 
nection with the vehicle side holds a regulator 120. A 
heatsink 127 included in the regulator 120 is fastened 
to a rear housing 1 04 by fastening devices 1 36. The reg- 
ulator 120, a rectifier 124 and the brushes 121 are dls- 

20 posed substantially in the same plane. 

[0040] Although the heatsink 127 Is fastened directly 
to the rear housing 104 by the fastening devices 136 
without holding the holder between the heatsink 1 27 and 
the rear housing 104 in the second embodiment, the ef- 

25 feet of the second embodiment Is similar to that of the 
first embodiment. 

[0041 ] Fig. 8 is a longitudinal sectional view of a llquld- 
cooled automotive alternator In a third embodiment ac- 
cording to the present Invention, and Fig. 9 Is a perspec- 

30 tive view of a part around a regulator of the automotive 
alternator shown in Fig. 8, in which a rear cover Is re- 
moved. In the third embodiment, a regulator 120 is dis- 
posed between a holder 122 and a rear housing 104, 
and a heatsink 127 included in the regulator 120 is fas- 

35 tened to a rear housing 104 by fastening devices 136. 
The effect of the third embodiment Is similar to those of 
the foregoing embodiments. 

[0042] Fig. 1 0 Is a longitudinal sectional view of a liq- 
uid-cooled automotive alternator In a fourth embodiment 

40 according to the present Invention, and Fig. 11 is a per- 
spective view of a part around a regulator of the auto- 
motive alternator shown in Fig. 1 0, in which a rear cover 
is removed. An automotive alternator 100 In the fourth 
embodiment has a front housing 1 03, a rear housing 1 04 

45 and a rear cover 1 1 0. A regulator holder 1 22 formed in- 
tegrally with brushes 121 and a connector 126 for con- 
nection with the vehicle side holds a regulator 120, The 
regulator 120 and the brushes 121 are arranged In the 
axial direction of the alternator with the regulator 120 

50 disposed at the outermost axial end. A heatsink 1 27 and 
fastening devices 136 are formed of materials respec- 
tively having good heat conductance. Heat generated 
by the regulator 1 20 is efficiently transferred to the cent- 
er housing 102 and Is dissipated by a coolant. 

55 [0043] The axial arrangement of the brushes 121 and 
the regulator 1 20 reduces the circumferential area of the 
holder 1 22 holding the regulator 1 20 to improve the free- 
dom of placement of other parts in the rear cover 110, 
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[0044] Fig. 12 is a longitudinal sectional view of a liq- 
uid-cooled automotive alternator in a fifth embodinnent 
according to the present invention. The fifth embodl- 
ment differs from the foregoing embodiments in that slip 
rings 128 of a rotor are disposed on the inner side of a 
rear bearing 1 35 on a side opposite to the side of a pul- 
ley. In other words, this arrangement of the slip rings 
128 enables disposing a regulator 120 and a rectifier 
closer to a center housing 102, so that heat generated 
by the regulator 120 and the rectifier 124 can be effec- 
tively transferred to the center housing 102 for cooling. 
[0045] According to the present Invention, the regula- 
tor and the heatsink for the regulator are fixed at a po- 
sition apart from the housing and the cover by the fas- 
tening devices formed of a material having good heat 
conductance. Most part of the heat generated by the 
regulator is transferred to the coolant flowing through 
the housing. Therefore, the temperature of the regulator 
entirely covered with the cover and the housing is de- 
pendent mainly on the temperature of the coolant. 
Therefore, even when the automotive alternator is ex- 
posed to a high-temperature atmosphere for a long time, 
the temperatures of the regulator is not dominated by 
the ambient temperature and radiant heat radiated by 
the adjacent high-temperature parts. Thus, the automo- 
tive alternator has a stable cooling effect. 
[0046] Since the regulator does not need to be set in 
close contact with the housing, the freedom of place- 
ment of the regulator Is Improved. 
[0047] While the invention has been described in its 
preferred embodiments, it is to be understood that the 
words which have been used are words of description 
rather than limitation and that changes within the pur- 
view of the appended claims may be made without de- 
parting from the true scope and spirit of the invention in 
its broader aspects. 



Claims 

1 . An alternator (1 00) for a vehicle, comprising: 

a stator (105) provided with a stator coil (106); 
a rotor (1 07) supported for rotation in the stator 
(105) to apply an alternative magnetic field to 
the stator (105); 

a regulator (120) for regulating output; 

a rectifier (1 24) for rectifying generated current; 
a plurality of housings (102; 103; 104) holding 
the stator (105) and the rotor (107); and 
a coolant path (150) for allowing a coolant to 
flow through at least one of the plurality of hous- 
ings (1 02; 1 03; 104) to transfer heat generated 
in the stator coil (106) outside the alternator 
(100); 

wherein fastening devices (136; 137) formed of a 
material having good heat conductance fasten the 



regulator (120) and a heatsink (127) for the regula- 
tor (120) together to the housing at a position apart 
from the housing to transfer heat generated by the 
regulator (120) to the housing. 

5 

2. An alternator (1 00) for a vehicle according to claim 
1 further comprising: 

a cover covering the regulator and the rectifier; 

10 

wherein the plurality of housings (102; 103; 104) 
and the cover are formed of metals each having 
good heat conductance, 

the rectifier (124) is held on said one of the plurality 
15 of housings (102; 103; 104), 

the cover and one of the housings are in metal con- 
tact, and 

fastening devices (136; 137) formed of a material 

having good heat conductance fasten the regulator 
20 (120) and a heatsink (127) for the regulator (120) 
together to said one of the plurality of housings 
(102; 103; 104) at a position between said one of 
the plurality of housings (102; 103; 104) and the 
cover to transfer heat generated by the regulator 
25 (120) to said one of the plurality of housings (102; 
103; 104). 

3. The alternator (100) for a vehicle according to claim 
1 or 2, wherein the regulator (120), and brushes 

30 (121) for supplying a field current to the rectifier 
(124) and the rotor (107) are disposed in substan- 
tially the same plane with respect to a direction 
along the axis of the rotor (107). 

35 4. The alternator for a vehicle according to claim 1 or 
2, wherein the plurality of housings include a center 
housing, a front housing disposed on the side of a 
pulley, and a rear housing disposed on a side op- 
posite to the side of the pulley, 

40 the coolant path is provided at least in the center 
housing and the rear housing, 
the center housing holds a bearing on the side op- 
posite to the side of the pulley, and 
the fastening devices fasten the regulator and the 

45 heatsink for the regulator together to said one of the 
plurality of housings at a position between said one 
of the plurality of housings and the cover. 

5. The alternator for a vehicle according to claim 4, 
50 wherein the fastening devices fasten the heatsink 

directly to the rear housing. 

6. The alternator for a vehicle according to claim 3, 
wherein the heatsink of the regulator and brush 

55 holders holding the brushes are disposed in an axial 
arrangement with the regulator disposed on the 
side of the rear housing and fixed to the rear hous- 
ing. 
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The alternator for a vehicle according to claim 1 or 
2, wherein the fastening devices include bolts, and 
the bolts fasten support parts respectively provided 
with threaded holes and formed on an end surface 
of said one of the plurality of housings to mounting 5 
bosses formed on the heatsink. 
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